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Experiments  reported  previously  1-4  indicate  that  in  animals  a 
blood  lymphocytosis  attends  increased  resistance  to  cancer  and 
tuberculosis.  The  work  has  shown  that  the  number  of  circulating 
lymphocytes can be varied by suitable dosage of the Roentgen rays. 
Massive  x-ray  exposures  decrease,  while  small  ones  increase,  both 
proportionately  and  actually,  the  number  of  lymphocytes  in  the 
circulating  blood.  It  seemed  possible that  the  beneficial  results  of 
heliotherapy  in  surgical  tuberculosis  noted  by  Rollier  and  others  ~ 
might  be due, in part  at least,  to a  similar  effect of the actinic rays 
on  the  lymphoid  organs,  leading  to  an  increase  in  the  number  of 
circulating  lymphocytes.  The  fact  that  heliotherapy  is  applied  ~ 
chiefly at  high  altitudes  in  the  Alps  suggested  also  that  the  actinic 
rather  than  the heat  rays were  the  therapeutic  agents.  The  ultra- 
violet rays contained in light of solar origin lie in that portion of the 
invisible spectrum included between 4,000 and 2,950 Angstr6m units. ~ 
Light waves of lengths  included  between 2,100  and  2,800  and,  to a 
lesser  extent,  those  up  to  4,000  /~ngstrtim  units  are  bactericidal. 7 
However, as  shown by Newcomer as well as by previous observers, 
this action is lost in the presence of organic matter in minute traces. 
Inasmuch  as the surgical  lesions  treated  successfully in  this  manner 
i Murphy, Jas. B., and Ellis, A. W. M., Y. Exp. Med., 1914, xx, 397. 
2 Murphy, Jas. B., and Morton, J. J., J. Exp. Med., 1915, xxii, 204. 
3 Morton, ]. J., J. Exp. Med., 1916, xxiv, 419. 
4  Taylor, H. D., and Murphy, Jas. B., J. Exp. Med., 1917, xxv, 609. 
~For a review of the subject see:  Roatta, G. B., L'Elioterapia  nella pratic~ 
medica e nell 'educazione, Milan, 1914. 
s Bovie, W. T., Bot. Gaz., 1915, lix, 149. 
7  Newcomer, H. S., Y. Exp. Med.,  1917, xxvi, 841. 
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are deep seated and the ultra-violet rays have but feeble penetrating 
power, it does not seem probable that  a  direct destructive  effect on 
their  bacterial  causes  is  responsible  for  the  clinical  improvement 
reported.  Fresh air, good food, and rest, in  the absence of  sunlight 
do not produce a  corresponding effect. 
In order to determine whether exposure to the sun has any  effect 
on the circulating  lymphocytes of healthy  individuals,  the following 
study was made. 
A series of blood counts was made, in the spring of 1916, on several 
individuals who expected to be exposed to the sun during the ensuing 
summer months at Woods Hole, Massachusetts.  In the fall a second 
series  of counts was made  on  the  same  subjects,  and  this  report  is 
based on observations made on the bloods of 38 persons who showed 
more  or  less  evidence  of  chronic  solar  dermatitis  (tanning)  at  the 
time the final blood count was made.  Most of the individuals studied 
were tanned over a large .portion of their bodies, and no instances are 
included  in which  there was tanning  merely of  the  face and  hands. 
The  subjects included  both  sexes and  ranged  in  age  from  20  to  65 
years.  It is admitted  that  tanning  of the skin is  caused by actinic 
and not by heat rays. 
Method. 
The blood to be counted,  obtained from a  needle prick in  the  tip 
of the finger,  was diluted 1:20 with  3 per  cent acetic acid solution, 
the mixture shaken in a  diluting pipette for 5 minutes,  a  drop placed 
on a Tiirck hemocytometer, and an interval allowed for the corpuscles 
to settle.  The white corpuscles in 8 of the 9 ruled millimeter squares 
of the counting chamber were counted and the number per c.mm. was 
estimated in the usual way.  Films made at the same time on cover- 
slips were used for differential leucocyte counts.  After staining  with 
Wright's  stain,  300  cells  were  counted  and  the  percentage  of  each 
type was determined.  The total number of lymphocytes per c.mm. 
Of blood was estimated by multiplying the total number of white cor- 
puscles  per  c.mm.  by the  percentage  as  determined  by differential 
Count. 
The  results of the study,  for convenience arranged  in Tables I  to 
VIII, are analyzed in'the discussion which follows. HERBERT  D. TAYLOR  43 
Discussion of Tables.--A  study of the tables brings out the fact 
that the blood of persons in whom chronic solar dermatitis is present 
shows not infrequently considerable percentage and actual increase 
of the lymphocytes.  Thus in 25, or 65.8 per cent of the 38 persons 
TABLE  I. 
Individuals Shmving an Increase in Lymphocytes after Exposure  to Sun. 
Individual No. 
1 
2 
3 
4 
5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
Average  ........... 
Lymphocytes. 
Before exposure  to sun. 
~er cent 
28.1 
26.3 
33.0 
19.6 
30.0 
26.0 
28.0 
22.6 
35.0 
30.3 
38.6 
20.0 
22.6 
26.0 
19.6 
33.6 
27.1 
22.0 
28.0 
23.6 
30.0 
28.0 
34.6 
26.0 
27,0 
27.4 
After exposure  to  sun. 
~  cA 
43.8 
31.7 
39.0 
25.3 
32.0 
36.0 
34.0 
32.6 
42.6 
37.0 
47.3 
22.0 
29.6 
35.0 
42.2 
47.2 
33.0 
25.6 
33.6 
25.9 
42.8 
31.8 
39.0 
42.4 
39.6 
35.6 
Increase. 
~  cent 
55.5 
20.8 
18.1 
29.0 
8.6 
38.5 
21.4 
44.2 
21.7 
22.1 
22.5 
10.0 
30.9 
36.9 
115.3 
40.5 
21.8 
16.4 
20.0 
9.7 
42.7 
13.6 
12.7 
63.1 
46.6 
27.2 
studied, there  was  a  definite increase  in  the number of  circulating 
lymphocytes after development of solar pigmentation which averaged 
27.2 per cent.  This increase, given in the column headed "Increase" 
in Table I,  represents the percentile rise of lymphocytes above the 44  EFFECT  OF  EXPOSURE  TO  SUN  ON  LYMPHOCYTES 
TABLE  II. 
Individuals  Showing a Decrease in Lymphocytes after Exposure to Sun. 
Individual No. 
26 
27 
28 
29 
30 
31 
32 
33 
Ly  mphocy tes. 
Before exposure to sun. 
'  per cenl 
34.6 
42.3 
35.5 
41.3 
42.0 
42.3 
43.8 
34.6 
After exposure to sun. 
per cent 
32.2 
33.0 
28.0 
29.1 
36.3 
37.6 
42.7 
32.6 
Decrease. 
per cenl 
6.9 
21.3 
21.1 
29.5 
13.6 
11.1 
2.5 
5.8 
Average ...........  39.6  33.9  15.2 
TABLE  m. 
Individuals  Showing No Change in Lymphocyte Percentage after Exposure 
to Sun. 
Lymphocytes. 
Individual No. 
34 
35 
36 
37 
38 
Average  ...... 
Before exposure 
to sun. 
per cent 
29.3 
33.3 
18.0 
27.5 
27.0 
27.0 
Mter exposure 
to sun. 
percent 
30.0 
33.0 
17.6 
26.9 
27.8 
27.0 
Increase.  Decrease. 
per cent  per cent 
2,4 
0.9 
2.2 
2.2 
2.9 
5.3  5.3 
TABLE  IV. 
Summary of Bloods Studied. 
Individuals with.  No. 
Lymphocytes increased after cxposure to sun  ...........  ..  ......  25 
"  decreased  "  "  "  "  8 
"  showing no change after exposurc to sun ...........  5 
Total ....................................................  38 
Per cent. 
65.8 
21.0 
13.2 
100.0 HERBERT  D.  TAYLOR  45 
original percentage of these cells.  In eight, or 21 per cent, there was 
an average decrease in the percentage of lymphocytes amounting to 
15.2  per  cent  (Table  II).  In  five,  or  13  per  cent,  there was  no 
substantial change in the lymphocyte  percentage (Table III). 
If one disregards for the moment the individuals,  5  in  number, 
whose blood showed no definite percentage change, it follows that of 
the remaining 33, 25, or 73.8 per cent, exhibit an increase, and 8, or 
24.2 per cent, a decrease of the circulating lymphocytes.  The changes 
noted in the number of total lymphocytes before and after tanning 
tended to parallel the percentage change in the same blood.  Thus 
(Table V)twenty-five  bloods  which  gave  a  definite  percentage 
lymphocyte  increase  gave  also  an  average absolute increase from 
2,574  to  3,338 cells per c.mm.  Moreover, the eight bloods  which 
TABLE  V. 
Average  Total Lymphocyte  Counts. 
Individuals 
(Tables I, n, and UI.) 
25 with percentage increase  ............... 
8  "  "  "  decrease  ............... 
5  "  no change in percentage  ........... 
Average 
mfore ex- 
3osure to 
SUn. 
2,574 
3,807 
2,951 
Average 
after expo- 
sure to sun. 
3,338 
3,187 
3,060 
Illcrefl~e. 
per ¢~ 
29.6 
3.5 
Decree. 
per ~ 
16.3 
gave a decrease in the percentage of lymphocytes followed  the same 
trend, as  the  average  number  of  these  cells  before exposure  was 
3,807, and after 3,187 per c.mm.  It should be noted here that  the 
bloods showing no appreciable change in percentage of lymphocytes 
gave an  average total  number per c.mm. which varied only slightly 
as  the  result  of  the  exposure,  the  average  before  exposure  being 
2,951  and  after  exposure 3,060. 
The average percentage change in the total lymphocytes per c.mm., 
after exposure,  for  each  of  the  three  series  compares closely with 
similar determinations of the percentile increase or decrease as given 
in  Tables  I,  II, and III.  The twenty-five persons who showed an 
average percentile increase of 27.2 showed a total lymphocyte  increase 
of  29.6 per  cent.  The percentile decrease in  the  eight individuals 
included in  Table  II  was  15.2, and  the  average total  lymphocyte 46  E!~FECT O~  EXPOSUI~E TO  SUN  ON  LYM'PHOCYTES 
TABLE  VL 
Complete Count on Individuals  Showing an Increase in Lymphocytes after Sunburn. 
10 
11 
12 
2,377 
2,978 
2,048 
2,725 
3~105 
2,739 
2,636 
2,758 
2,213 
2,687 
4,134 
2,675 
2,702 
2,419 
2,430 
3,180 
2,538 
2,151 
4,469 
3,330 
3,185 
5,558 
1,940 
2,607 
*Average counts are given in Tables VI  to  VIII because  in many instances 
from two to six counts were made before, and a  similar number after  exposure 
to the sun. 
tThe upper row of figures for each individual  represents counts before, and the 
lower row counts after exposure to the sun. HERBERT  D.  TAYLOR 
TABLE  VI--Co~c~deg. 
47 
per c~  ~er ~enl  per ~enl  ~er c~n~ 
13  10,667  20.6  2.0  67.0  9.3 
14,500  25.3  4.3  59.3  5.3 
14  7,800  23.0  3.0  59.0  1.6 
9,500  33.3  2.3  61.0  2.3 
15  7,050  16.3  3.3  74.6  0.0 
6,200  39.6  2.6  52.0  O. 0 
16  6,000  29.0  4.6  58.6  3.0 
5,800  42.6  4.6  46.0  1.0 
17  7,925  24.6  2.5  68.3  0.8 
9,600  30.3  2.6  60.3  2.0 
18  6,700  17.5  4.5  70.0  4.0 
7,350  20.6  5.0  64.6  2.6 
19  9,300  25.6  2.3  59.3  10.0 
11,100  32.6  1.0  59.6  3.3 
20  6,850  21.0  2.6  72.0  0.6 
7,825  22.8  3.1  68.3  2.0 
21  10,850  26.3  3.6  62.6  3.3 
9,550  40.3  2.5  47.3  6.0 
22  9,100  25.6  2.3  65.6  2.3 
9,900  30.6  1.1  62.8  2.3 
23  8,200  32.3  2.3  60.0  1.0 
8,900  35.6  3.3  53.3  2.0 
24  12,778  25.0  1.0  69.6  1.6 
9,575  40.8  1.6  51.5  4.2 
25  10,667  25.3  1.6  70.6  0.0 
12,550  38.3  1.3  56.3  1.0 
Average...  9,482  23.9  3.1  65.7  2.6 
9,054  32.7  2.9  57.2  2.8 
'  6 
.  o  ~ 
r~o 
per cen~  per ¢eni  per cent 
0.3  0.6  22.6  2,41( 
0.3  5.3  29.6  4,29~ 
1.0  2.3  26.0  2,024 
0.0  1.0  35.6  3,38~ 
0.3  5.3  19.6  1,38~ 
0.6  5.0  42.2  2,61( 
1.0  3.6  33.6  2,01( 
1.6  4.0  47.2  2,73~ 
0.2  3.5  27.1  2,185 
0.3  4.3  33.0  3,16~ 
0.0  4.0  22.0  1,47,t 
0.0  7.0  25.6  1,882 
0.6  2.0  28.0  2,604 
0.3  3.0  33.6  3,69~ 
0.3  3.3  23.6  1,617 
0.2  3.5  25.9  1,983 
0.6  3.3  30.0  3,255 
0.5  3.3  42.8  3,886 
0.0  4.0  28.0  2,548 
0.2  2.8  31.8  3,084 
0.0  4.3  34.6  2,837 
1.0  4.6  39.0  3,471 
0.0  2.6  26.0  3,322 
1.3  O. 5  42.4  4,059 
0.6  1.6  27.0  2,880 
1.0  2.0  39.6  4,970 
0.6  3.1  27.4  2,574 
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decrease was  16.3  per cent.  Table III  gives 0.0  as  the  average per- 
centile  change  in  the  five  persons  included there, while the average 
total lymphocyte  increase in the same group was 3.5  per cent. 
TABLE  VII. 
Complete Counts on Individuals Showing a  Decrease in Lymphocytes after Sunburn. 
26 
27 
28 
29 
30 
31 
32 
33 
Average  .... 
-~  ~  ~  ~.  ~.~°  ~  .-~°~-=v~*  ~"  ~'~a 
per cent  per cent  #er cent  per cent  per cent  per cent  per cent 
8,683  29.9  4.8  58.9  0.6  0.7  5.0  34.6  2,973 
8#33  28.8  3.4  62.0  1.1  0.5  4.1  32.2  2,768 
6,714  36.8  5.5  46.5  2.3  1.8  7.0  42.3  2,874 
7,400  30.3  2.6  62.6  0.0  1.0  3.3  32.0  2,442 
6,249  30.5  5.0  58.6  1.3  0.4  4.2  .35.$  2,199 
8,658  23.8  4.3  64.6  2.2  0.6  4.5  28.0  2,353 
7,900  37.0  4.3  49.6  1.6  0.3  7.0  41.3  3,263 
10,250  26.3  3.2  59.5  3.0  0.6  7.2  29.1  2,972 
12,750  ~7.0  5.0  55.0  0.6  0.3  2.0  42.0  5,355 
13,000  34.0  2.3  59.3  1.0  0.3  3.0  36.3  4,719 
11,100  39.6  2.6  53.3  0.6  0.0  1.6  42.3  4,695 
9,050  36.0  1.6  56.6  0.0  0.3  5.3  37.6  3,403 
6,850  39.5  4.3  47.8  1.8  1.2  5.3  43.8  3,000 
6,783  40.5  2.2  51.2  2.9  0.4  2.6  42.7  2,917 
8,950  31.6  3.0  57.6  3.3  0.0  4.3  34.6  3,097 
8,950  28.3  4.3  63.0  2.3  0.0  2.0  32.6  2,918 
8,650  35.2  4.3  53.4  1.5  0.6  4.6  39.6  3,807 
9,128  31.0  3.0  59.9  1.7  0.5  4.0  33.8  3,187 
As may  be seen from Tables VI, vii, and VIII  there was no  con- 
stant  change  in  the  total  numbers  of  white  blood  corpuscles  per 
c.mm.  of blood  as  determined  before  and  after  exposure.  A  study 
of  these  tables  also  shows  that  the  polymorphonuclear  neutrophilic 
leucocytes  tended  to  vary  in  inverse  proportion  with  the  lympho- HERBERT  D.  TAYLOR  49 
cytes,  these  cells  decreasing when  the lymphocytes increased  and 
vice  versa.  The  polymorphonuclear  eosinophilic  and  basophilic 
(mast)  cells  and  the group  composed of the  transitional  and  large 
mononuclear granular  cells  (bone marrow oxidase  cells, Evans  s)  re- 
mained very constant. 
TABLE  VIII. 
Complete Counts on Individuals Showing  No  Change in  Lymphocytes  after  Sun- 
burn. 
T 
per cent  per cenl  ~er ¢~ 
34  15,600  26.3  3.0  63.6 
17,800  25.3  4.6  61.6 
35  7,900  28.3  5.0  61.6 
7,850  31.0  2.0  61.3 
36  11,350  14.3  3.6  77.0 
13,950  15.3  2.3  74.3 
37  11,975  24.9  2.5  68.3 
9,750  24.7  2.1  67.4 
38  7,900  24.3  2.6  61.6 
7,825  23.3  4.5  62.2 
~verage  ....  10,945  23.6  3.4  66.4 
11,435  23.9  3.1  65.4 
o.~  ,~  ~ 
~  ~  o  ~ ~  ~  ~ o 
per ce~  per ce~  per c~nt  per cent 
1.0  1.0  5.0  29.3  4,57 
1.6  0.6  6.0  30.0  5,34 
0.6  0.3  4.0"  33.3  2,63 
1.3  0.6  3.6  33.0  2,59 
2.0  1.0  2.0  18.0  2,04 
0.6  0.6  6.6  17.6  2,45 
0.5  0.8  I  2.8  27.5  3,37 
2.4  0.5  I  2.6  26.9  2,60 
I 
6.0  0.0  i  5.3  27.0  2,13 
5.0  0.5  !  4.5  27.8  2,21 
2.0  0.6  3.8  27.0  2,95 
2.2  0.6  I  4.7  27.1  3,06 
Rollier  and  others  9  have  emphasized  the  fact  that  tanning  is 
necessary  to  obtain  beneficial  results  in  tuberculosis  with  hello- 
therapy.  In  this  connection  it  is  interesting  to  note that of  the 
thirteen  individuals  who  showed  no  increase  in  their  circulating 
lymphocytes, six  had  the  pasty  type  of  skin  which  does  not  tan. 
Three others were so dark normally that it was impossible to deter- 
mine whether or not there had been additional pigmentation.  Five 
s Evans, F. A., Arch. Int. Med., 1916, xviii, 692. 
9 Rollier, A., etc., quoted in Roatta, 5 p.  19. 50  EFFECT  OF EXPOSURE  TO  SUN  ON  LY~PHOCYTES 
of the eight persons whose blood showed a  loss in lymphocyte per- 
centage had  circulating cells  of  this  type in  excess  of 40  per  cent 
before exposure  to  the  sun.  These observations are  interesting  as 
offering  possible  explanations  of  the  apparent  exceptions  to  the 
general  tendency to  develop  a  definite lymphocytosis after  chronic 
solar  dermatitis.  Thus  the  twenty-five  persons  with  a  definite 
increase in circulating lymphocytes were all  tanned to  a  greater or 
less  extent.  The increase  in  lymphocytes, moreover,  tended  to  be 
greatest  in  the  individuals  in  whom  the  pigmentation  was  most 
increased, yet this was not invariably the case; so that the increase 
in  lymphocytes and  degree  of  tanning did  not  always go  hand  in 
hand so far as this series of tests is concerned. 
In  regard  to  complexion,  no  particular  difference  between  the 
blood or skin response to solar irritation was noted with the exception 
of  the  three  individuals  in  whom  it  was  impossible  to  determine 
whether  or  not  additional  pigmentation  was  present.  So  far  as 
observed age and sex had no effect on the blood response to light.. 
DISCUSSION. 
From the results recorded here it seems that the rays contained in 
the solar spectrum, as it reaches the earth in the temperate zone in 
midsummer, bring about changes in the white corpuscles of the blood 
in  a  manner  similar  to  that  recognized  as  characteristic  of  the" 
x-rays.  The manner of action is equally obscure with regard to both 
agents. 
Of interest in connection with this study are blood counts made by 
Chamberlain and  Vedder  1°  on  Americans  living in  the  Philippines. 
Although analyzed by them to ascertain the effect of the tropical cli- 
mate on the Arneth blood picture, their counts show a higher percent- 
age of lymphocytes than normal individuals in the temperate zone.  u 
In the 72 cases reported there was an average of 38.6 per cent.  The 
tropical  service  of  the  soldiers  composing  the  series  averaged  28.7 
to Chamberlain,  W. P., and Vedder, E. B., Philippine. J. Sc., 1911, vi, 408. 
n In a series of more than 100 observations on the bloods of 46 healthy indi- 
viduals from 20 to 65 years of age, made in connection with this study, it was 
found that the lymphocytes averaged 29.3 per cent. ~ERBERT  D.  TAYLOR  51 
months.  Wickline,  12 in  counts made upon  the blood of  104 soldiers 
3,  12,  and  19  months  after  arrival  in  the  Philippines,  showed  that 
there  was  a  definite  and  progressive  increase  in  the  mononuclear 
cells.  These  cells  averaged  31.4  per  cent  at  the  first,  34.4  per  cent 
at  the  second,  and  39.5  per  cent  at  the  third  determination.  Al- 
though  there  is  no  distinction  made between  the  mononuclear  ele- 
ments,  tending  to separate  the lymphocytes from the cells belonging 
to the granular  series, some idea of the direction in which the cells of 
lymphatic  origin  varied  may be  obtained  by following  the  percent- 
age  of  small  mononuclear  cells,  which  are  undoubtedly  the  small 
lymphocytes.  The  average  percentage  of  these  ceils  at  the  first 
count was 21.8, at the second count 26.6, and at the third count 33.3. 
Disregarding  the large lymphocytes, which should be combined with 
the  small  cells  of the  same  series  to  give  an  accurate  idea  of  their 
number at each determination, it can be seen that there was a definite 
increase  of  these  cells  in  the  blood after  19  months  in  the  tropical 
climate.  The soldiers were undoubtedly exposed to the sun for long 
periods of time.  It also seems possible that the invisible spectrum is 
somewhat widened in the tropics  18 and  there is consequently a  wider 
range  of  ultra-violet  rays  than  in  the  temperate  zone.  The  inten- 
sity of the visible rays of the spectrum is also increased as we approach 
the equator.  It is probable that  the invisible rays increase likewise 
in proportion  to  those  that  are visible.  Although  the  effect on  the 
blood  seems  to  be  related  to  the  ultra-violet  rays  of  sunlight,  it  is 
impossible  to rule out  the effect of infra-red,  or heat waves in  these 
observations. 
Chronic  solar  dermatitis  was  accompanied,  in  25  of  the  38  indi- 
viduals studied, by an appreciable  increase, percentage and absolute, 
in the number of circulating lymphocytes. 
In  eight  there  was  a  definite  decrease  and  in  five no  appreciable 
change after prolonged exposure to the rays of the summer sun. 
Of the thirteen  subjects with no increase in blood lymphocytes, six 
12 Wickline, W. A., Mil. Surg.,  1908, xxiii, 282. 
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failed  to  tan,  three  were  so  dark  originally  that  to  determine  an 
increase was impossible, and five had an extremely high lymphocyte 
count at the first count. 
Blood  counts on white persons  living in  the Philippines  indicate 
that the blood lymphocytes are likewise increased after a  prolonged 
period of residence in the tropical zone. 
Because  of  the  parallelism  between  the  tanning  and  the  blood 
changes it  seems probable  that  the  lymphocytosis observed in  the 
majority of instances, which is similar to  the response of the blood 
of animals  to  small  doses  of the x-rays,  is  due  to the effects of the 
ultra-violet rays contained in the solar spectrum. 